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Abstract 
Reactive power dispatch (RPD) is one of the major issues of modern energy management system. This article presents an 
efficient genetic algorithm (GA) approach for modelling and solving RPD problem of power system in the framework of fuzzy 
goal programming (FGP) in uncertain environment. In the proposed approach, the objectives of the problem concerned with RPD 
problem are fuzzily described. In the solution process, the proposed GA method is used in the framework of FGP model in an 
iterative manner to reach a satisfactory decision. The proposed approach is tested on the standard IEEE 6-Generator 30-Bus 
System and compared with the solutions obtained in previous study. 
© 2013 The Authors. Published by Elsevier Ltd. 
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Optimization of RPD problem is one of the major issues in modern energy management system. Here, the main 
purpose is to minimize the real power losses of the   system and improvement of voltage profile by satisfying load 
demand and operational constraints. Actually, an RPD problem is a multiobjective decision making (MODM) 
problem in power plant operational system.   
 
  * Corresponding author. Tel.: +919433766654. 
     E-mail address: papunbiswas@yahoo.com. 
Available online at www.sciencedirect.com
© 2013 The Authors. Published by Elsevier Ltd.
Selection and peer-review under responsibility of the University of Kalyani, Department of Computer Science & Engineering
ScienceDirect
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
465 Bijay Baran Pal et al. /  Procedia Technology  10 ( 2013 )  464 – 473 
 
The general mathematical programming model for optimum control of reactive power flow was introduced by 
Peschon et al. in [1].  Thereafter, the field was explored by the various active researchers in [2], [3] in the past. Now, 
to solve the RPD problem, a number of conventional optimization techniques [4], [5], [6] have been proposed in the 
literature. Recently, global optimization techniques to overcome the computational difficulty with nonlinear and 
competitive objectives have been applied to solve the RPD problems in [7], [8], [9]. 
Now, in practical decision situations, it is to be observed that model parameters of most of the problems are often 
found inexact in nature. The two types of approaches for solving such problems are stochastic programming (SP) 
[10], which deals with probabilistically uncertain data and fuzzy programming (FP) [11] based on fuzzy set theory 
(FST) [12], which deals with imprecisely described data. The SP approaches to RPD problem was studied in [13] in 
the past. Although, the FP approach to RPD problems has been discussed in [14], [15] previously, the deep study in 
this area is at an early stage. Further, the GA based FGP approach for solving the RPD problem is yet to appear in the 
literature. 
In this paper, a GA-based FGP approach is proposed to solve the RPD problem. The problem is formulated as an 
optimization problem with nonlinear constraint function. In this study, the fuzzy representation of different 
objectives are considered such as minimizing the power losses, improving the voltage profile, and enhancing power 
system voltage stability in the problem formulation stage. The problem is solved with different selection and 
crossover function.  The proposed approach has been tested on the standard IEEE 6-Generator 30-bus test system. 
The model solution is also compared with the approach studied in [16] previously to expound the potential use of the 
approach. 
Now, an RPD problem is discussed in the following Section 2. 
2. RPD Problem Description 
Let there be N generators, Gi ,(i= 1,2,…,N), M  tap-transformers, Tt (t= 1,2,…,M),    and C switchable volt-
ampere reactive (VAR) sources , Qc (c= 1,2,…,C) , in the  power generation system. Then, let Vg  be the decision 
variable of generator voltage of g-th generator, Tt be the decision variable of transformer tap setting of t-th 
transformer, Qc be the decision variable of switchable VAR sources of c-th VAR source and PD is the total demand 
associated with the system.  
The objective functions and system constraints of the problem are discussed as follows. 
2.1. Objective functions 
x Power losses minimization function. The real power losses (PL) in MW can be defined as in [16]- 
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where ‘R’ is the number of transmission lines, gr  is the conductance of the r-th  line, Vi  and  Vj  are the voltage 
magnitude, G i and G j are the voltage phase angle at the end buses i and j of the r-th line, respectively, and  ‘cos’ 
stands for cosine function. 
x Voltage profile improvement function. Voltage profile improvement (VPI) of a system can be done by 
minimizing the bus voltage deviation (VD) from 1.0 per unit (p.u) in the system. 
The objective function can be expressed as in [16]-  
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where ‘I’ is the number of load buses. 
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x Voltage stability enhancement function. Maintenance of voltage stability and enhancement of it are the major 
issues concerning optimization of a RPD problem. Here, voltage stability enhancement (VSE) is achieved through 
minimization of   voltage stability indicator, L-index in [17], values at every load bus of the system. The indicator 
value varies in the range between 0 (no load case) and 1 (collapse case).   
The L-index at the load bus i can be express as:  
i
io
i V
V
L  1 , 
where Voi and Vi indicate ‘no load voltage’ and ‘load voltage’, respectively, for  bus i. 
Voltage stability indicates that the condition Li <1 should be satisfied and must not be violated on a continuous 
basis. Hence a global system indicator describing the stability of the complete system is Lmax= max {Li}, where {Li} 
contains L-indices of all load buses.  
The objective function of VSE can be defined as:  
Lmax = max{Li; i=1,2,…, I}     (3) 
2.2. Description of system constraints 
The system constraints which are inherently involved with the problem are defined as follows.  
x Power balance constraints.  The real and reactive power balance equations are the typical load flow equations 
and represented as follows. 
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where j = 1,2,…, H; and where H is the number of all buses,  PGi and QGi are real and reactive power of the 
generator connected to the i-th bus, respectively; PDi and QDi are the real and reactive power of the load connected to 
the i-th bus, respectively, and Gij and Bij are the transfer conductance and susceptance between bus i and bus j, 
respectively.  
x Generator capacity constraints. The upper and lower limits on generators’ voltages and reactive power outputs 
are presented as follows: 
NiVVV maxGG
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where min and max stand for minimum and maximum, respectively. 
x Transformer tap-setting constraints. The upper and lower limits of Transformer tap-settings are as follows: 
               Mt,TTT maxtt
min
t ,2,...1, dd              (7) 
where ‘M’ is the number of transformers. 
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x Switchable VAR sources constraints. Switchable VAR sources are bounded by their limits as: 
               Cc,QQQ maxcc
min
c ,...1,2, dd                       (8) 
where ‘C’ is the number of switchable VAR sources. 
x Security constraints. These include the constraints of voltages at load buses as follows: 
                IiVVV maxiLiL
min
iL ,...1,2,,  dd                      (9) 
where L stands for load. 
 
Now, the FGP model of the proposed reactive power planning problem is described in the follows Section 3. 
3. FGP Model Formulation of the RPD Problem  
In the decision situation, the fuzzy goals of the objectives in (1), (2) and (3) can be defined by assigning 
imprecise aspiration levels to each of them. 
The fuzzy goals of the objective functions take the form: 
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Lmax = max{Li}. ALmax       (12) 
where ALP , 
A
DV and 
ALmax  are the aspiration levels of the defined objective functions. Now, considering
U
LP , 
U
DV  
and ULmax as the upper-tolerance limits of achieving the respective fuzzy goals and where ‘ ~ ’ refers to the fuzziness 
of an aspiration level and it is to be understood as ‘essentially less than’ in [18].  
Now, the fuzzy goals are characterized by the respective membership functions for measuring their degree of 
achievements in a fuzzy decision environment. 
3.1. Membership function  
The membership function representation of the fuzzy objective goals appear as: 
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where )( AU  L
 
L PP    is the tolerance range for achievement of the real power losses goal.  
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(14) 
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D VV    is the tolerance range for achievement of the voltage deviation goal.  
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where )( maxmax
AU LL    is the tolerance range for achievement of the L-index goal.  
 
Note: ].[ȝ represents membership function.  
3.2. Minsum FGP model 
In the process of formulating FGP model of the problem, the membership functions are transformed into 
membership goals by assigning the highest membership value (unity) as the aspiration level and introducing under- 
and over-deviational variables to each of them. In minsum FGP,   minimization of the sum of weighted under-
deviational variables of the membership goals in the goal achievement function on the basis of relative weights of 
importance of achieving the aspired goal levels is considered. 
 
The minsum FGP model can be presented as [19]:
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subject to the set of constraints defined in (4) - (9),       (16)    
where V ,T  and  Q  be associated with the decision variables Vi , Tt and Qc, respectively, and where 0, t kk dd ,        
(k = 1,…,3) represent the under- and over-deviational variables, respectively, associated with the respective 
membership goals. Z represents goal achievement function, 0!kw , k = 1, 2, 3 denote the relative numerical 
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weights of importance defined by the inverse of the tolerance ranges [19] for achievement of the goal levels in the 
decision making situation.  
The GA scheme used in the process of solving the problem is presented in the following Section 4. 
4. Design of GA Scheme 
In the literature of GAs, there are a number of schemes [20] for generation of new populations with the use of 
different operators: selection, crossover and mutation. Here, the binary coded representation of a candidate solution 
called chromosome is considered to perform genetic operations in the solution search process. The tournament 
selection scheme in [21], two-point crossover [20] and uniform mutation operations are adopted to generate 
offspring in a new population in the search domain defined in the decision making environment.  
The fitness score of a chromosome v (say) in evaluating a function, say, eval (Ev), based on maximization or 
minimization of an objective function defined on the basis of DMs’ needs and desires in the decision making 
context. 
The fitness function is defined as: 
    eval (Ev) = (Z)v = ,}{
1
¦
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   where the subscript ‘v’ refers to the fitness value of the selected v-th chromosome, v=1,2,…,pop_size. The best 
chromosome with largest fitness value at each generation is determined as: 
E* =  min{eval (Ev) | v = 1, 2, ..., pop_size}, 
The pseudo code of the standard genetic algorithm is presented as: 
 
Initialize population of chromosomes E (x)  
 
Evaluate the initialized population by computing its fitness measure 
 
While not termination criteria do 
x : = x + 1 
Select E (x +1) from E (x)  
Crossover E (x+1) 
Mutate E (x + 1) 
Evaluate E ( x +1 ) 
End While 
          
Then, the executable model of the problem is demonstrated via a case example in the Section 5. 
5. A Demonstrative Case Example  
The standard IEEE 30-bus 6-generator test system [16] is considered to illustrate the potential use of the 
approach. The system in Fig. 1 shows that there are 6 generators and 41 lines. The total system demand for the 21 
load buses is 2.834 p.u and system has 19-control variable (6- generator voltage magnitude, 4-tap transformer setting 
and 9-switchable VAR). 
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Fig. 1. Single-line diagram of IEEE 30-bus test system 
The data for the aspiration levels and tolerance limits of the fuzzy goals presented in the Table 1. The detail load 
data, line data and minimum and maximum limits of control variables are given in [16].  
Table 1. Data description of fuzzy goals and their tolerance limits 
Goal Aspiration Level Tolerance Limit 
Upper 
PL 4.50 6.50 
VD 0.40 1.20 
Lmax 0.12 0.50 
 
The GA is implemented using the Optimization Toolbox under MATLAB (MATLAB R 2010a) is employed at 
different stages for evaluation of the problem. The execution is made in Intel Pentium IV with 2.66 GHz. Clock-
pulse and 3 GB RAM. The parameter values used in genetic algorithm solution are given in Table 2.  
Table 2. The parameter values used in GA 
Parameter Value 
Number of Individual in the initial population 50 
Selection Tournament 
Crossover function Two Point 
Crossover probability 0.8 
Mutation Probabiliy  0.06 
Maximum Generation Number 100 
 
Then, following the expression in (16) the executable minsum FGP model is obtained as:  
Find {Vi,Tt,Qc ; i =1,2,5,8,11,13; t =11,12,15,36, c =10,12,15,17,20,21,24,29}  
so as to: 
Minimize Z = ]*63.2*25.1*5.0[ 321
  ddd                             
and satisfy the given membership goals in (13)-(15), subject to the problem constraints in (4)-(9).   
     
(18) 
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The goal achievement function Z in (18) appears as the evaluation function in the GA search process of solving 
the problem. 
The evaluation function to determine the fitness of a chromosome appears as: 
,sizepop,...,2,1,}{)()(
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 vdwZEeval
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vkkvv
 where vZ )(  is used to represent the achievement function Z in (18) for measuring the  fitness value of v-th 
chromosome in the decision process. 
The best objective value )( *Z for the fittest chromosome at a generation in the solution search process is 
determined as:                      
}pop_size,...,2,1)(min{*   vEevalE v , 
The program is Run 20 times and the best results are presented in Table 3.  
Table 3. Solution under the proposed model 
Decision Variables and  
Objectives  
Achieved Solution  
V1 1.062 
V2 1.021 
V5 1.045 
V8 1.064 
V11 1.041 
V13 1.063 
T11 0.951 
T12 0.906 
T15 0.972 
T36 0.950 
Qc10 3.90 
Qc12 4.15 
Qc15 4.81 
Qc17 3.73 
Qc20 4.617 
Qc21 4.824 
Qc23 3.781 
Qc24 4.512 
Qc29 2.690 
PL (MW) 5.171 
VD (p.u) 0.311 
Lmax (p.u) 0.270 
 
Now, to show the potential use of the approach, the model solution is compared with the solution obtained by 
using the differential evolution algorithm in [16]. The achievement of objective values for individual optimization of 
them under the previous approach is presented in Table 4. 
Table 4. Solution under differential evolution algorithm [16] 
Objectives Case1:  
Minimization of power losses 
Case2: 
Voltage profile improvement 
Case3: 
Voltage stability enhancement 
PL (MW) 4.550 6.4755 7.0733 
VD (p.u) 1.9589 0.0911 1.4191 
Lmax (p.u) 0.5513 0.5734 0.1246 
 
The result shows that a satisfactory decision is achieved here from the view point of balancing the reactive power 
in the system.    
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The diagrammatic representations of power losses (PL), voltage deviation (VD) and Lmax for reactive power 
planning under the proposed model and differential evolution algorithm are given in the Fig. 2.
(c)
Fig. 2. Graphical representation of solution comparison of (a) power losses (MW)  ; (b) voltage deviation (p.u); (c) Lmax (p.u)
It is apparent from the results that a satisfactory decision is achieved here from the view point of balancing the
reactive power in the system. A comparison shows that the solution obtained by using the proposed GA based FGP
approach is superior over the other differential evolution algorithm from the view point of achieving a compromise 
solution for optimizing the objectives in the reactive power planning problem.
6. Conclusion
In this paper, an GA based FGP approach is presented to solve the multiobjective optimal reactive power 
planning problem. The main advantage of the method is that the use of FGP converts the multiobjective into a single
objective goal oriented optimization problem which can return a compromise solution of the problem. Another big
advantage of the proposed approach is that the computational load and approximation error inherent to conventional
linearization approaches can be avoided here with the use of the GA based solution method. Further, the proposed 
approach is flexible enough to accommodate different other restrictions as and when needed in the decision making
context. Again, since the various objectives involved with the problem often conflict each other in achieving the
aspired goal levels, the use of GA search method as a goal satisficer offers the most satisfactory decision in decision
making environment. In the framework of the proposed model, consideration of other objectives and constraints may
be taken into account for power plant operations may be a problem in future studies.
Finally, it is hoped that the solution approach presented here may lead to future research for proper RPD
planning in the current complex arena of electric power generation and dispatch.
(a)
 
(b)
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